US009084950B2

a2 United States Patent

Saito et al.

US 9,084,950 B2
Jul. 21, 2015

(10) Patent No.:
(45) Date of Patent:

(54) FLUID FILTER (56) References Cited
(71) Applicant: TOYOTA BOSHOKU KABUSHIKI U.S. PATENT DOCUMENTS
KAISHA, Aichi-ken (JP) 2005253 A * 81961 Belgardeetal. ......... 210/323.2
4,715,870 A 12/1987 Masuda et al.
(72) Inventors: Yasuhiro Saito, Tokoname (JP); 20056/612 9306232 ill : 13; %88 é ﬁ’gliert o . 2102/ 18/7725
: b 3 . O O ectetal. ...
Haruaki Sakata, Nisshin (P); Toshiaki 2006/0169632 Al 8/2006 Suzuki et al.
Mori, Kariya (JP)
FOREIGN PATENT DOCUMENTS
(73) Assignee: TOYOTA BOSHOKU KABUSHIKI
KAISHA, Aichi-Ken (JP) CN 101534923 9/2009
DE 20301787 4/2003
. . . . . Jp 10-272312 10/1998
(*) Notice: Subject. to any dlsclalmer,. the term of this P 11319436 11/1999
patent is extended or adjusted under 35 Jp 2000-279718 10/2000
U.S.C. 154(b) by 297 days. Jp 2003-042272 2/2003
P 2004-353783 12/2004
Jp 2006-205133 8/2006
(21)  Appl. No.: 13/645,846 P 2006-316902 11/2006
WO 2007/046946 4/2007
(22) Filed: Oct. 5, 2012 OTHER PUBLICATIONS
. . Chinese Office action dated Jun. 3, 2014, along with an English-
(65) Prior Publication Data language translation thereof.
US 2013/0146526 Al Jun. 13, 2013 (Continued)
(30) Foreign Application Priority Data Primary Examiner — Benjamin Kurtz .
(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
Dec.7,2011  (JP) cooooorioererrescrernecee 2011268379  PLC.
(57) ABSTRACT
51) Int.ClL A fluid filter including: an upper case provided with an outlet
g pp p
BO1D 29/07 (2006.01) hole; a lower case provided with an inlet hole; and a filter
BO1D 29/52 (2006.01) element held between the upper case and lower case, wherein
BO1D 35/027 (2006.01) the outlet hole and the inlet hole are arranged opposite to each
F16H 57/04 (2010.01) other. The filter element includes a first filter material which
is folded and arranged in a communication part connectin,
(52) US.CL £ p 2
CPC oo BOID 29/07 (2013.01); BOID 29/52 the outlet hole and the inlet hole, and a second filter material
(2013.01); BOID 35/0273 (2013.01); BOID which is folded and spaced apart from the communication
2201/127 (2013.01); F16H 57/0404 (2013.01) part, and the retention interval L1 of the first filter material in
(58) Field of Classification Search the fold line direction is smaller than the retention interval 1.2

None
See application file for complete search history.

of the second filter material in the fold line direction.

12 Claims, 11 Drawing Sheets




US 9,084,950 B2

Page 2
(56) References Cited Chinese Official Action for CN App. No. 201210387593 .2 dated Dec.
3, 2014, along with an English-language translation thereof.
OTHER PUBLICATIONS Japanese Official Action for JP2011-268379 dated Mar. 31, 2015,

along with an English-language translation thereof.
U.S. Appl. No. 13/523,002 to Yasuhiro Saito et al., which was filed on

Jun. 14, 2012. * cited by examiner



U.S. Patent Jul. 21, 2015 Sheet 1 of 11 US 9,084,950 B2

e N
it Y
b <
N
\\

(ap)

— \>
L_j
—
—
I'D -
— e
N
L
0 @)]
N
CU -,
00 - .
\\ .
\r :; ~~~~~

> - N ok

~J

\ J/

FiG. 1



US 9,084,950 B2

Sheet 2 of 11

Jul. 21, 2015

U.S. Patent

1€

V0
()

L1

BTSN L N,

Ll L

Bz

Lo
—

ﬂ@m N =\ 11} " —1 l_.!lllll. |||||||| 'S
AR A AR ARRRARARRRAARARARARARN
s RAAR AR RARRAN AR AN i
JVYVVY S ,?:c__ I\ ,g__,_r\\_,‘m iy ( L
D A P S |
X R
VE 1S ere g e 6l

G 9Id



U.S. Patent Jul. 21, 2015 Sheet 3 of 11 US 9,084,950 B2

FIG. 3
19}
a1 Sa 3 L .
//\'////////// 4 A4
13\33 ﬁ ( g /)%
ot  — —
AN A A - N
NG X N 13 (15)
N 192 3( \\ 19a/;§
13h R P12
NS / \ JVEE'




US 9,084,950 B2

Sheet 4 of 11

Jul. 21, 2015

U.S. Patent

. 1 11 L=
o_wV._ gm%._
qg 1
A8 w8 T
e~ \V: ) e
N N
1 | 1 | lww‘?mm
21
oel 26T ©6] 26]
25, z@aéé\%é
[ \

K



US 9,084,950 B2

Sheet 5 of 11

Jul. 21, 2015

U.S. Patent

LTI 91 el 6l

\&

T 1

v LT €I \ : :

G DId



U.S. Patent Jul. 21, 2015 Sheet 6 of 11 US 9,084,950 B2

FIG. 6



U.S. Patent Jul. 21, 2015 Sheet 7 of 11 US 9,084,950 B2

FlG. 7
12 3 19

[T L L L XL L

L2 7 77 Ll L LT

FIG. 8
12a 3 19
[

[Z AL L XL

727 70 L L.l L L L LT




U.S. Patent Jul. 21, 2015 Sheet 8 of 11 US 9,084,950 B2

FIG. 9

3a ZOB

24

13a—"]
AN

23

13b__|
26

/

25

ba 21

FIG. 10

3a 20 p :

13a
13



U.S. Patent Jul. 21, 2015 Sheet 9 of 11 US 9,084,950 B2

FiG. 11

FiG. 12




U.S. Patent Jul. 21, 2015 Sheet 10 of 11 US 9,084,950 B2

FIG. 134

2
12 3 11 \\
%

| & ( L/ &
/////////////////‘E/ /1
rr— 7

Rl
|/////////////////// ] t(ﬁ
) O

AN

FIG. 13B

2
12 3 1l 1‘
LI 1y
/////////////////T//i ' @

L7777 77777777 77 7] | t
Q /|
; t




U.S. Patent Jul. 21, 2015 Sheet 11 of 11 US 9,084,950 B2

FIG. 144 Prior Art

NN~ :
NG '1'::, ~ \.. ' ~ ‘ ...‘:. { » ,1' la x:r A
H- YRR e e —
- Wl WOV ] o\

A
=/

s

\///////////////////

/i

104

et B

FIG. 14B Prior Art
111a 11la 111a




US 9,084,950 B2

1
FLUID FILTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 of Japanese Application No. 2011-268379 filed on Dec.
7,2011, the disclosure of which is expressly incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fluid filter, and more
specifically to a fluid filter which can suppress the close
contact between folds of a filter material to prevent an
increase in pressure loss and also can ensure the necessary
filtration area to improve the filtration efficiency, even when
outlet and inlet holes are arranged opposite to each other.

2. Description of the Related Art

As conventional oil filters for automatic transmissions,
those having an upper case provided with an outlet hole, a
lower case provided with an inlet hole, and a filter element
held between the upper and lower cases are generally known
(for example, see Related Art 1). The Related Art 1 discloses
that outlet and inlet holes are arranged opposite to each other
in the vertical direction. This layout of the inlet and outlet
holes above involves the problem of reduction in filtration
efficiency due to the bias generated in the flow of oil on a
filtering surface, but is inevitably employed in some cases
from the viewpoint of mounting requirements and the like.

Thus, it is conceivable to apply a filter element having a
folded filter material to the oil filter disclosed in Related Art 1
to ensure a large filtration area within a limited space to
enhance the filtration efficiency. In the case of this folded
filter material 111, however, neighboring folds 111a may
closely contact to each other to cause an increase in pressure
loss, as shown in FIGS. 14(a) and 14(5). Especially, an outlet
hole 102 and an inlet hole 104 are arranged opposite to each
other in the vertical direction in the oil filter of Related Art 1,
and thus a relatively high-pressure fluid would flow through a
communication part 109 of a filtration chamber S which
connects the outlet hole 102 and the inlet hole 104, thereby
easily causing the close contact between the folds 111a of the
filter material 111 in the communication part 109.

[Related Art 1] JP-A 2003-42272

SUMMARY OF THE INVENTION

The present invention has been made in light of the circum-
stances, and an object of the present invention is to provide a
fluid filter which can suppress the close contact between folds
of a filter material to prevent an increase in pressure loss and
also can ensure the necessary filtration area to improve the
filtration efficiency, even when outlet and inlet holes are
arranged opposite to each other.

One aspect of the present embodiments provides a fluid
filter including; an upper case provided with an outlet hole; a
lower case provided with an inlet hole; and a filter element
held between the upper case and lower case, wherein the
outlet hole and the inlet hole are arranged opposite to each
other, wherein the filter element comprises a first filter mate-
rial which is folded and arranged in a communication part
connecting the outlet hole and the inlet hole, and a second
filter material which is folded and spaced apart from the
communication part, and wherein the retention interval (L1)
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of the first filter material in the fold line direction is smaller
than the retention interval (I.2) of the second filter material in
the fold line direction.

In a further aspect, the fold height (H1) of the first filter
material is smaller than the fold height (H2) of the second
filter material.

In a further aspect, a reinforcing member having an inser-
tion part to be inserted between the neighboring folds of the
second filter material is provided on the downstream side
surface of the second filter material.

In a further aspect, the second filter material is lower in
pressure loss than the first filter material.

In a further aspect, the fluid filter is an oil filter for an
automatic transmission.

According to the fluid filter of the present invention, a filter
element includes a first filter material which is folded and
arranged in a communication part connecting an outlet hole
and an inlet hole and a second filter material which is folded
and spaced apart from the communication part. Then the
retention interval (1) of the first filter material in the fold line
direction is smaller than the retention interval (L2) of the
second filter material in the fold line direction. Because of this
arrangement, the first filter material mainly filtering a fluid
flowing in the communication part within the filtration cham-
ber is held with a high retention force as compared with the
second filter material mainly filtering a fluid flowing in a site
spaced apart from the communication part within the filtra-
tion chamber. Thus, it is possible to suppress the close contact
between the folds in the first filter material on the high reten-
tion side to prevent an increase in pressure loss, thereby
enhancing the lifetime, namely, dust retaining amount of the
filter material. Further, the necessary filtration area is easily
ensured in the second filter material on the low retention side
in addition to the first filter material on the high retention side,
thereby making it possible to increase the filtration efficiency.

Further, when the fold height (H1) of the first filter material
is smaller than the fold height (H2) of the second filter mate-
rial, it is possible to more efficiently suppress the fold contact
in the first filter material on the high retention side and to more
efficiently ensure the filtration area necessary for the second
filter material on the low retention side.

When a reinforcing member is provided on the down-
stream side surface of the second filter material, an insertion
part of the reinforcing member is inserted between the neigh-
boring folds of the second filter material, so that the fold
contact of the second filter material on the low retention side
is suppressed.

When the second filter material is lower in pressure loss
than the first filter material, it is possible to prevent flow bias
of a filtered fluid within the filter to enhance the filtration
efficiency of the entire filter.

Furthermore, when the fluid filter is an oil filter for an
automatic transmission, an automatic transmission suitably
filtering oil can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FIG. 1 is a plan view showing an oil filter for an automatic
transmission according to an Example.

FIG. 2 is a cross sectional view taken along line II-I1I shown
in FIG. 1.
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FIG. 3 is an enlarged cross sectional view taken along line
shown in FIG. 2.

FIG. 41is a vertical cross sectional view showing a exploded
state of the oil filter for an automatic transmission.

FIG. 5 is a plan view showing a filter element according to
an Example.

FIG. 6 is a perspective view showing the main section of
the filter element.

FIG. 7 is an enlarged view showing the main section shown
in FIG. 2.

FIG. 8 is an explanatory view for explaining a modified
example of a reinforcing member according to an Example.

FIG.9is an enlarged view showing the main section shown
in FIG. 3.

FIG. 10 is an explanatory view for explaining the operation
of'a convex wall part according to an Example.

FIG. 11 is an explanatory view for explaining a convex wall
part in another embodiment.

FIG. 12 is an explanatory view for explaining the operation
of the convex wall part above.

FIGS. 13A and 13B are explanatory views which explain
the flows when a second filter material having a low pressure
loss is used, in which 13 A is in a state when the viscosity of
the fluid is larger, and 13B is in a state when the viscosity of
the fluid is smaller.

FIGS. 14A and 14B are explanatory views for explaining a
conventional filter element, in which 14A is a vertical cross
sectional view and 14B is a cross sectional view taken along
line b-b shown in 14A.

DESCRIPTION OF THE EMBODIMENTS

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description is taken with the
drawings making apparent to those skilled in the art how the
forms of the present invention may be embodied in practice.
1. Fluid filter

A fluid filter according to the present embodiment 1 is a
fluid filter (1) including an upper case (3) provided with an
outlethole (2), alower case (5) provided with an inlethole (4),
and a filter element (6) held between the upper and lower
cases. In the fluid filter, the outlet hole and the inlet hole are
arranged opposite to each other. The filter element includes a
first filter material (11) which is folded and arranged in a
communication part (9) connecting the outlet hole and the
inlethole, and a second filter material (12) which is folded and
spaced apart from the communication part. The retention
interval (L1) of the first filter material in the fold line direction
(P) is smaller than the retention interval (L.2) of the second
filter material in the fold line direction (for example, see
FIGS. 2 and 5). In the meantime, the “retention interval” is
intended to mean an interval held between a pair of retaining
parts (for example, retention frame, rib or the like) in the fold
line direction of the filter material.

In the case of the above embodiment, for example, the ratio
(L2/1.1) between the retention interval (I.1) of the first filter
material (11) and the retention interval (L2) of the second
filter material (12) may range from 1.5 to 2.5 (preferably, 1.7
to 2.3) (for example, see FIG. 5). Thus, it is possible to more
efficiently suppress the close contact between the folds (fold
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contact) in the first filter material and to more efficiently
ensure the filtration area necessary for the first and second
filter materials.

The fluid filter according to the present embodiment 1 may
include, for example, a configuration in which the fold height
(H1) of the first filter material (11) is smaller than the fold
height (H2) of the second filter material (12) (for example, see
FIG. 4). In this case, for example, the ratio (H2/H1) between
the fold height (H1) of the first filter material and the fold
height (H2) of the second filter material may range from 1.1
to 1.5 (especially, from 1.1 to 1.3). Thus, it is possible to more
efficiently suppress the fold contact in the first filter material
and to more efficiently ensure the filtration area necessary for
the first and second filter materials.

In the above configuration, for example, at the bottom of
the lower case (5), a step part (30) formed with the inlet hole
(4) may be formed such that the bottom is raised and dented
upward (for example, see FIG. 2). Thus, it is possible to
ensure the fluid flow interval necessary between the first filter
material and the inlet hole while ensuring smooth inlet of the
fluid from the inlet hole to prevent an increase in pressure
loss.

The fluid filter of the present embodiment 1 may include,
for example, a configuration in which a reinforcing member
(19) having an insertion part (19a) to be inserted between the
neighboring folds (12a) of the second filter material is pro-
vided on the downstream side surface of the second filter
material (12) (for example, FIG. 4).

In the case of the above configuration, for example, the
reinforcing member (19) may be provided such that the lower
end of the insertion part (19a) is positioned above a position
ot 0.6 times (preferably, 0.55 times, especially, 0.5 times) of
the fold height (H2) from the upper end of the fold (12a) to the
lower side (for example, see FIG. 7). Thus, it is possible to
decrease the contact area between the folds and the reinforc-
ing member to more efficiently ensure the filtration area nec-
essary for the second filter material. In the meantime, the
reinforcing member is preferably provided such that the
lower end of the insertion part is positioned below a position
ot 0.18 times (preferably, 0.25 times, especially, 0.32 times)
of'the fold height (H2) from the upper end of the fold (12a) to
the lower side. This is intended to suitably prevent fold con-
tact.

In the case of the above configuration, for example, the
reinforcing member (19) may be provided as a separate part
from the second filter material (12), and formed in a comb-
like shape to be inserted from the upper side of the second
filter material (for example, see FIG. 4). Thus, it is possible to
simplify the structure of the second filter material and thus the
filter element.

In the case of the above configuration, for example, the
filter element (6) may be provided with a rib (18) extending in
the direction crossing the fold line direction of the second
filter material in substantially the central part in the fold line
direction (P) of the second filter material (12). The reinforc-
ing members (19) may be provided on both the sides of the rib
in a position intermediate between the rib and the end part of
the fold line direction of the second filter material (for
example, see FIG. 5). Thus, the second filter material is sup-
ported, at a predetermined interval, by the reinforcing mem-
ber and the rib in the fold line direction, and it is possible to
more efficiently suppress the fold contact of the second filter
material in the fold line direction.

Inthe case of the above configuration, for example, convex
part (8a, 85) which abut the upper or lower end surface of the
rib (18) when the case is deformed by a change in pressure
during filtration may be formed in the upper case (3) and/or
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lower case (5) (for example, see FIG. 3). Thus, the convex part
abuts the rib in the state where the internal pressure within the
filtration chamber is lower than the external pressure during
the use of the fluid filter, so that excessive deformation of the
case can be suppressed to ensure the fluid flow path within the
filtration chamber, thereby preventing an increase in pressure
loss.

The fluid filter of the present embodiment 1 may include,
for example, a configuration in which the fluid filter is an oil
filter (1) for an automatic transmission (for example, see FIG.
2). This oil filter for an automatic transmission is normally
arranged within an oil pan.

The fluid filter of the present embodiment 1 may include,
for example, a configuration in which the filter element (6)
has a retention frame (13) retaining the circumferential parts
of the first filter material (11) and second filter material (12)
and held between the upper case (3) and the lower case (5), the
first filter material (11) and second filter material (12) being
arranged in parallel in a planar direction (for example, see
FIGS. 5 and 6). Thus, it is possible to provide a filter element
and thus a fluid filter excellent in assembly. In this case, for
example, the retention frame and the first and second filter
materials can be integrally molded, and thus it is possible to
provide a filter element and thus a fluid filter excellent in
productivity.

The above configuration may include, for example, one or
a combination of two or more of [A], [B] below and the like.

[A] a configuration in which the retention frame (13) has
one or two or more first rib(s) (17) extending in a direction
crossing the fold line direction (P) of the first filter material
(11), and the retention interval (L1) is an interval obtained by
dividing the length in the fold line direction of the first filter
material into a plurality of parts at substantially equal inter-
vals by the first ribs (for example, see FIG. 5), and

[B] a configuration in which the retention frame (13) has
one or two or more second ribs (18) extending in a direction
crossing the fold line direction of the second filter material
(12), and the retention interval (L2) is an interval obtained by
dividing the length in the fold line direction of the second
filter material into a plurality of parts at substantially equal
intervals by the second ribs (for example, see FIG. 5).

These configurations may more efficiently suppress the
fold contact in the filter material and more efficiently ensure
the filtration area necessary for the filter material.

In the case of the above configurations, for example, the
upper case (3) and lower case (5) are respectively joined to the
retention frame (13) by welding to form the filtration chamber
(S). A pump (7) which suctions a fluid to be filtered from the
filtration chamber may be connected to the outlet hole (4)
directly or via piping. At least one of the upper and lower
cases may be provided with a convex wall part (23, 25)
formed to be projected toward the filter element (6) side in a
position apart, at a predetermined interval, from the joining
part (20, 21) with the retention frame toward the inside direc-
tion of the filtration chamber. The convex wall parts may be
provided so as to abut the retention frame when the upper and
lower cases are deformed by a change in pressure during
filtration (for example, see FIGS. 9 and 10). Due to this,
during filtration in which the fluid flows within the filtration
chamber, the convex wall parts abut the retention frame, so
that spaces where weld burrs are housed between the joining
parts and the convex wall parts are isolated from the filtration
chamber, and that the weld burrs are prevented from invading
into the filtration chamber. During welding between the cases
and the retention frame, the convex wall parts do not abut the
retention frame, and thus the weld penetration of the joining
parts is not inhibited, so that the joining parts are welded in a
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determined weld amount (weld penetration amount). There-
fore, the joining between the members by welding can be
ensured. In the meantime, the “predetermined interval” is not
especially limited, but is normally determined as an interval
which can ensure a space sufficient to contain burr with con-
sideration for the size of the burr generated during welding.

In the case of the above configurations, for example, the
abutment surface of the retention frame (13) abutting the
convex wall part (23, 25) may be a wall formed to extend in
the vertical direction and may be defined as an inclined sur-
face (36) which is inclined such that a wall surface more
widely apart from the joining part is directed toward the
inside direction of the filtration chamber (S) (for example, see
FIGS. 11 and 12). Due to this, the convex wall part and the
retention frame are firmly pressed as the deformation of the
case member progresses, and it is possible to more reliably
prevent the invasion of the weld burrs into the filtration cham-
ber.

Inthe case of the above configurations, for example, atleast
one of the upper case (3) and lower case (5) may be provided
with an outer convex wall part (24, 26) formed to be projected
toward the filter element (6) side in a position apart, at a
predetermined interval, from the joining part (20, 21) with the
retention frame (13) toward the outside direction of the filtra-
tion chamber (S) (for example, see FIGS. 910 12). Due to this,
among the weld burrs generated in the joining part, the weld
burrs generated outside the filtration chamber are covered
with the outer convex wall part, and thus are not exposed on
the outside, so that design can be enhanced.

The first and second filter materials in the fluid filter of the
present invention may have any filtering properties and cor-
relation therebetween. Namely, the first and second filter
materials, when compared, may have the same filtering prop-
erties or may have different filtering properties. However,
when the first and second filter materials have different filter-
ing properties, the second filter material is preferably a filter
material lower in pressure loss than the first filter material.
Namely, as compared with the first filter material, the second
filter material is preferably a filter material allowing the fluid
to pass through easily, regardless of the configuration, mate-
rial, thickness, etc. of the first and second filter materials.

In a fluid filter that the second filter material is preferably a
filter material lower in pressure loss than the first filter mate-
rial, the filtration efficiency of the entire filter can be improved
by varying the flow amount depending on a change in viscos-
ity of the fluid. Specifically, for example, in the case where oil
for a transmission is utilized as fluid, when the fluid has low
viscosity and is able to pass through the first filter material,
the fluid would be mainly filtered through the first filter mate-
rial 11 arranged in a position close to the inlet hole 2 (see F1G.
13A in which a thicker arrow indicates a higher flow amount).
However, when the viscosity of the fluid is higher at the time
of actuation of the transmission, especially, at the time of
actuation thereof at a low temperature, the fluid not filtered by
the first filter material 11 is naturally diverted toward the
second filter material 12 along the flow path so that the
amount of the fluid filtered through the second filter material
12 would be increased (see FIG. 13B in which a thicker arrow
indicates a higher flow amount). The second filter material 12
has lower pressure loss than the first filter material 11, and
thus has a higher filtering speed than the first filter material
11, and as a result, can improve the filtration efficiency of the
entire filter. Specifically, the filter, as a whole, can suppress
the pressure loss when the viscosity of the fluid is high.
Especially, the present fluid filter is designed such that the
retention interval L2 of the second filter material 12 is greater
than the retention interval L1 of the first filter material 11,
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thereby easily ensuring the filtration area in the second filter
material 12. Due to this, when the filtration area of the second
filter material 12 is greater than that of the first filter material
11, the second filter material 12 can be especially eftectively
utilized.

The constructions of the first and second filter materials are
not especially limited, but normally, can employ a filter paper,
a nonwoven fabric or a woven fabric or the like. These mate-
rials may be used singly or as a combination of two or more
thereof. Among these materials, a filter paper is preferably
used in the fluid filter of the present invention. The filter paper
is a material obtained by papermaking a filter paper material
(fibrous material) constituting the filter paper. The example of
the filter paper material constituting the filter paper may
include cellulose fibers (such as pulp fibers, linter fibers and
rayon fibers), polyethylene terephthalate (PET) fibers, acrylic
fibers; polyvinyl alcohol fibers, polyamide-based synthetic
fibers and the like. These materials may be used singly or as
acombination of two or more thereof. Among these materials,
a material having a melting point or decomposition tempera-
ture of 170° C. or higher (preferably, 180° C. to 300° C.) is
preferably used. Specifically, cellulose fibers, PET fibers and
polyamide fibers are preferably used.

The filter paper may be either a single-layer filter paper or
a multi-layer filter paper. Further, the filter paper may be a
resinated filter paper. The multi-layer filter paper, for
example, may include filter papers obtained by laminating
two or more layers of filter papers having different properties
and filter papers including a reinforcing layer. Among these,
the filter paper including a reinforcing layer may include filter
papers on which a resin fiber net is laminated. In the filter
paper on which a resin fiber net is laminated, the strength and
shape retainability are improved by the resin fiber net. Espe-
cially, when a filter paper includes a layer composed of a resin
fiber net (resin fiber net layer), the resin fiber net is preferably
arranged on the downstream side surface of the filter material.
This arrangement can improve the strength and shape retain-
ability without inhibiting the flow of the fluid.

More specifically, first and second filter materials satisfy-
ing the relation (B,/T,)>(B,/T,) when the basis weight of the
first filter material is defined as B, (g/m?) and the thickness
thereofis defined as T, (m), and the basis weight ofthe second
filter material is defined as B, (g/m?) and the thickness thereof
is defined as T, (m), are preferably used. In the meantime, the
basis weight and thickness values are measured in accordance
with JIS P8124 and JIS P8118, respectively.

Examples

Hereinafter, the present invention will be explained in
detail by way of an Example. In the present Example, an oil
filter for use in an automatic transmission is exemplified as
the “fluid filter” according to the present invention.

(1) Oil Filter for Automatic Transmission
An oil filter 1 for an automatic transmission according to the
present Example includes an upper case 3 having a concave
vertical cross sectional shape and provided with an outlet hole
2, a lower case 5 having a concave vertical cross sectional
shape and provided with an inlet hole 4, and a filter element 6
held between the upper and lower cases 3, 5, as shown in
FIGS. 1 to 3. A filtration chamber S is formed by holding the
filter element 6 held between the upper and lower cases 3, 5.

The outlet hole 2 and inlet hole 4 are arranged opposite to
each other in the vertical direction via the filter element 6.
Specifically, the outlet hole 2 and inlet hole 4 are arranged
such that their flow axial directions are aligned on one straight
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line. An oil pump 7 suctioning fluid to be filtered from the
filtration chamber S is connected, by piping, to the outlet hole
2 (see FIG. 2).

The upper case 3 is made of a laser-permeable resin. On the
lower surface side of the outer circumferential part of the
upper case 3, aconcave edge part 3¢ having a concave vertical
cross sectional shape for joining with a retention frame
described below is formed over the whole circumference, as
shown in FIG. 3. A convex part 8a abutting the upper end
surface of a second rib described below when the upper case
3 is deformed by a change in pressure during filtration is
formed in the upper case 3.

The lower case 5 is made ofa laser-permeable resin. On the
upper surface side of the outer circumferential part of this
lower case 5, a concave edge part 5a having a concave vertical
cross sectional shape for joining with a retention frame
described below is formed over the whole circumference, as
shown in FIG. 3. A convex part 86 abutting the lower end
surface of a second rib described below when the lower case
5 is deformed by a change in pressure during filtration is
formed in the lower case 5. Further, at the bottom of the lower
case 5, a step part 30 formed with the inlet hole 4 is formed
such that the bottom is raised and dented upward (see FIG. 2)

As shownin FIGS. 4 to 6, the filter element 6 includes a first
filter material 11 and a second filter material 12 that are
arranged in parallel to each other in a planar direction, folded
and made of a nonwoven fabric, and a retention frame 13
retaining the circumferential parts of these first and second
filter materials 11, 12 and held between the upper and lower
cases 3, 5. Each ofthese first and second filter materials 11, 12
is formed in a substantially rectangular shape in a plane. The
first filter material 11 is arranged in the communication part 9
connecting the outlet hole 2 and the inlet hole 4, and the
second filter material 12 is spaced apart from the communi-
cation part 9 (see FIG. 2). In the meantime, the retention
frame 13 and the first and second filter materials 11, 12 are
integrally insert-molded.

The retention frame 13 is made of a laser-absorbing resin.
As shown in FIGS. 5 and 6, the retention frame 13 includes a
first retaining part 14 with a substantially U shape in a plane,
which retains both the end sides in the fold line direction P of
the first filter material 11 and one end side in a direction
substantially orthogonal to the fold line direction P of the first
filter material 11, a second retaining part 15 with a substan-
tially U shape in a plane, which retains both the end sides in
the fold line direction P of the second filter material 12 and
one end side in a direction substantially orthogonal to the fold
line direction P of the second filter material 12, and an elon-
gated third retaining part 16 retaining the other end side in the
direction substantially orthogonal to the fold line direction P
of'the first and second filter materials 11 and 12, respectively.

The retention frame 13 includes a plurality (two in the
drawings) of first ribs 17 extending in the direction substan-
tially orthogonal to the fold line direction P of the first filter
material 11 and bridged between the first retaining part 14 and
the third retaining part 16, and a single second rib 18 extend-
ing in the direction substantially orthogonal to the fold line
direction P of the second filter material 12 and bridged
between the second retaining part 15 and the third retaining
part 16.

The respective first ribs 17 are arranged in a position
obtained by dividing the length in the fold line direction of the
first filter material 11 almost equally into three parts. The
second rib 18 is arranged in a position obtained by dividing
the length in the fold line direction P of the second filter
material 12 almost equally into two parts. Further, one end
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side, in the longitudinal direction, of the second rib 18 con-
nects to one end side, in the longitudinal direction, of one of
the first ribs 17.

As shown in F1G. 5, the retention interval L1 in the fold line
direction P of the first filter material 11 is an interval obtained
by dividing the length in the fold line direction P of the first
filter material 11 into a plurality of parts (three parts in FIG. 5)
at substantially equal intervals by the first ribs 17, and is
defined as about 13 mm. The retention interval L.2 in the fold
line direction P of the second filter material 12 is an interval
obtained by dividing the length in the fold line direction P of
the second filter material 12 into a plurality of parts (two parts
in FIG. 5) at substantially equal intervals by the second rib 18,
and is defined as about 26 mm. Thus, the retention interval L1
is defined as being smaller than the retention interval [.2, and
the ratio between the retention intervals .1 and 1.2 (L2/1.1) is
defined as about 2.

As shown in FIG. 4, the fold height H1 of the first filter
material 11 is defined as about 12 mm, and the fold height H2
of the second filter material 12 is defined as about 14 mm.
Thus, the fold height H1 of the first filter material 11 is defined
as being smaller than the fold height H2 of the second filter
material 12, and the ratio between the fold heights H1 and H2
(H2/H1) is defined as about 1.2. Further, the first and second
filter materials 11, 12 are arranged such that their upper end
surfaces are substantially in one plane.

In the upper case 3, a plurality (two in the drawings) of
plate-like reinforcing members 19 (also referred to as “sepa-
rators”) are formed in a direction substantially orthogonal to
the fold line direction P of the second filter material 12, as
shown in FIGS. 1 to 3. These respective reinforcing members
19 are provided in positions on both the sides ofthe second rib
18 in the fold line direction P of the second filter material 12,
obtained by dividing the interval between the second rib 18
and the end part in the fold line direction P of the second filter
material 12 (namely, retention interval [.2) almost equally
into two parts. The respective reinforcing members 19 have a
plurality of insertion parts 19a to be inserted between the
neighboring folds 12a on the downstream side surface of the
second filter material 12, and are formed in a comb-like
shape, as shown in FIG. 4. Further, the respective reinforcing
members 19 are provided such that the lower ends of the
respective insertion parts 19a are positioned above the posi-
tion which is 0.6 times higher than the fold height H2 of the
second filter material 12 from the upper ends of the folds 12a
toward the lower side, as shown in FIG. 7.

A convex edge part 13a having a convex vertical cross
sectional shape, which is engaged with the concave edge part
3a of the upper case 3, is formed over the whole circumfer-
ence, as shownin FIG. 3, on the upper surface side of the outer
circumferential part of the retention frame 13. A joining part
20 by laser welding is formed between these concave edge
part 3a and convex edge part 13a (see FIG. 9). A convex edge
part 135 having a convex vertical cross sectional shape, which
is engaged with the concave edge part 5a of the lower case 5,
is formed over the whole circumference on the lower surface
side of the outer circumferential part of the retention frame
13. A joining part 21 by laser welding is formed between
these concave edge part 5a and the convex edge part 135 (see
FIG. 9).

The concave edge part 3a of the upper case 3 has a convex
wall part 23 provided in a position apart, at a predetermined
interval, from the joining part 20 with the retention frame 13
toward the inside direction of the filtration chamber S and
formed to be projected to the filter element 6 and an outer
convex wall part 24 provided in a position apart, at a prede-
termined interval, from the joining part 20 with the retention
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frame 13 toward the outside direction of the filtration cham-
ber S and formed to be projected to the filter element 6, as
shown in FIG. 9. The convex wall part 23 is provided to abut
the retention frame 13 when the upper case 3 is deformed by
a change in pressure during filtration, as shown in FIG. 10.

The concave edge part 5a of the lower case 5 has a convex
wall part 25 provided in a position apart, at a predetermined
interval, from the joining part 21 with the retention frame 13
toward the inside direction of the filtration chamber S and
formed to be projected to the filter element 6 and an outer
convex wall part 26 provided in a position apart, at a prede-
termined interval, from the joining part 21 with the retention
frame 13 toward the outside direction of the filtration cham-
ber S and formed to be projected to the filter element 6, as
shown in FIG. 9. The convex wall part 25 is provided to abut
the retention frame 13 when the lower case 5 is deformed by
a change in pressure during filtration.

(2) Operation of Oil Filter for Automatic Transmission
Next, the action of the oil filter 1 for an automatic transmis-
sion will be explained. The filter 1 for an automatic transmis-
sion is used while the oil pump 7 is actuated in the state where
it is immersed in oil within an oil pan 31, as shown in FIG. 2.
The oil used on the automatic transmission side is stored
within the oil pan 31, and the stored oil is flowed into the
filtration chamber S from the inlet hole 4. A relatively high-
pressure oil flowing in the communication part 9 and its
vicinity within the filtration chamber S is mainly filtered
through the first filter material 11, and a relatively low-pres-
sure oil flowing in a site spaced apart from the communication
part 9 within the filtration chamber S is mainly filtered
through the second filter material 12. The filtered oil is flowed
out from the outlet hole 2 and returned back to the automatic
transmission side.

When the oil is filtered through the second filter material
12, the second filter material 12 is deformed when the oil
passes through the second filter material 12, as shown in FI1G.
7. However, since the respective insertion parts 19a of the
reinforcing member 19 are inserted between the neighboring
folds 12a of the second filter material 12, fold contact is
suppressed. The deformation of the upper and lower cases 3,
5 due to suction pressure of the oil pump 7 is suppressed by
abutment of the convex parts 8a, 86 (see FIG. 3) with the
second rib 18.

In the case where the oil pump 7 is not actuated, the defor-
mation of the upper and lower cases 3, 5 does not occur, and
the convex wall parts 23,25 do not abut the retention frame 13
(see FIG. 9). On the other hand, in the case where the oil pump
7 is actuated, the internal pressure within the filtration cham-
ber S decreases, and the upper and lower cases 3, 5 are
deformed in the inside direction of the filtration chamber S
due to this change in pressure (see FIG. 10). Due to this, the
convex wall parts 23, 25 abut the retention frame 13, so thata
space where a weld burr B is housed is isolated from the
filtration chamber S.

(3) Effect of Example

In view of the above, according to the oil filter 1 for an
automatic transmission of the Example, the filter element 6
includes a first filter material 11 which is folded and arranged
in a communication part 9 connecting an outlet hole 2 and an
inlet hole 4 and a second filter material 12 which is folded and
spaced apart from the communication part 9, and the retention
interval L1 in the fold line direction P of the first filter material
11 is smaller than the retention interval L2 in the fold line
direction P of the second filter material 12. Thus, the first filter
material 11 filtering mainly the oil flowing in the communi-
cation part 9 within the filtration chamber S is retained at a
high retention force as compared with the second filter mate-
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rial 12 filtering mainly the oil flowing in a site spaced apart
from the communication part 9 within the filtration chamber
S. Thus, it is possible to suppress fold contact in the first filter
material 11 on the high retention side to prevent an increase in
pressure loss, thereby enhancing the lifetime, namely, dust
retaining amount of the filter material. Further, the filtration
area necessary for the second filter material 12 on the low
retention side in addition to the first filter material 11 on the
high retention side can be easily ensured, thereby improving
the filtration efficiency.

In this Example, the fold height H1 of the first filter mate-
rial 11 is smaller than the fold height H2 of the second filter
material 12, and thus it is possible to more efficiently suppress
the fold contact in the first filter material 11 on the high
retention side and to more efficiently ensure the filtration area
necessary for the second filter material 12 on the low retention
side.

In this Example, at the bottom of the lower case 5, a step
part 30 formed with the inlet hole 4 is formed such that the
bottom is raised and dented upward. Thus, it is possible to
ensure the oil flow interval necessary between the first filter
material 11 and the inlet hole 4 while ensuring smooth inflow
of the oil from the inlet hole 4 to prevent an increase in
pressure loss.

In this Example, a reinforcing member 19 is provided on
the downstream side surface of the second filter material 12,
and thus an insertion part 19a of the reinforcing member 19 is
inserted between the neighboring folds 124 of the second
filter material 12, so that the fold contact of the second filter
material 12 on the low retention side is suppressed.

In this Example, the reinforcing member 19 is provided
such that the lower end of the insertion part 19a is positioned
0.6 times above the position of the fold height H2 from the
upper end of the fold 124 to the lower side. Thus, it is possible
to decrease the contact area between the folds 12a and the
reinforcing member 19 to more efficiently ensure the filtra-
tion area necessary for the second filter material 12.

In this Example, the reinforcing member 19 is provided as
a separate part from the second filter material 12, and formed
in a comb-like shape to be inserted from the upper part of the
second filter material 12. Thus, it is possible to simplity the
structure of the second filter material 12 and thus the filter
element 6.

In this Example, the filter element 6 is provided with a
second rib 18 extending in a direction crossing the fold line
direction P of the second filter material 12 in substantially the
central part in the fold line direction P of the folds thereof. The
reinforcing member 19 is provided on both the sides of the
second rib 18 in a position intermediate between the second
rib 18 and the end part of the fold line direction P of the ribs
of the second filter material 12. Thus, the second filter mate-
rial 12 is supported, at a predetermined interval, by the rein-
forcing member 19 and the second rib 18 in the fold line
direction P of the folds, and it is possible to more efficiently
suppress the fold contact of the second filter material 12 in the
fold line direction P of the folds.

In this Example, convex parts 8a, 8 which abut the upper
or lower end surface of the second rib 18 when the cases 3, 5
are deformed by a change in pressure during filtration are
formed in the upper case 3 and lower case 5. Thus, the convex
parts 8a, 86 abut the second rib 18 in the state where the
internal pressure within the filtration chamber S is lower than
the external pressure during the use of the oil filter 1 for an
automatic transmission, so that excessive deformation of the
upper case 3 and lower case 5 can be suppressed to ensure the
oil flow path within the filtration chamber S, thereby prevent-
ing an increase in pressure loss.
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In this Example, the filter element 6 has a retention frame
13 retaining the circumferential parts of the first filter material
11 and second filter material 12 arranged in parallel in a
planar direction and held between the upper case 3 and the
lower case 5. Thus, it is possible to provide a filter element 6
and thus an oil filter 1 for an automatic transmission excellent
in assembly. Especially, in this Example, the retention frame
13 and the first and second filter materials 11, 12 are integrally
molded, and thus it is possible to provide a filter element 6 and
thus an oil filter 1 for an automatic transmission excellent in
productivity.

In this Example, the retention frame 13 has a first rib 17
extending in a direction substantially orthogonal to the fold
line direction P of'the first filter material 11, and the retention
interval L1 is an interval obtained by dividing the length of the
fold line direction P of the first filter material 11 into a plu-
rality of parts at substantially equal intervals by the first rib
17, so that it is possible to more efficiently suppress the fold
contact in the first filter material 11 and to more efficiently
ensure the filtration area necessary for the first filter material
11.

In this Example, the retention frame 13 has a second rib 18
extending in a direction substantially orthogonal to the fold
line direction P of the second filter material 12, and the
retention interval 1.2 is an interval obtained by dividing the
length of the fold line direction P of the second filter material
12 into a plurality of parts at substantially equal intervals by
the second rib 18, so that it is possible to more efficiently
suppress the fold contact in the second filter material 12 and
to more efficiently ensure the filtration area necessary for the
second filter material 12.

In this Example, the upper case 3 and lower case 5 are
respectively joined to the retention frame 13 by welding to
form the filtration chamber S. An oil pump 7 which suctions
oil to be filtered from the filtration chamber S is connected to
the outlet hole 2 via piping, and the upper and lower cases 3,
5 are respectively provided with convex wall parts 23, 25
formed to be projected toward the filter element 6 side in a
position apart, at a predetermined interval, from the joining
parts 20, 21 with the retention frame 13 toward the inside
direction of the filtration chamber S. The convex wall parts
23, 25 are provided so as to abut the retention frame 13 when
the upper and lower cases 3, 5 are deformed by a change in
pressure during filtration. Due to this, during filtration in
which the oil flows within the filtration chamber S, the convex
wall parts 23, 25 abut the retention frame 13, so that spaces
where weld burrs B are housed between the joining parts 20,
21 and the convex wall parts 23, 25 are isolated from the
filtration chamber S, and that the weld burrs B are prevented
from invading into the filtration chamber S. During welding
between the cases 3, 5 and the retention frame 13, the convex
wall parts 23, 25 do not abut the retention frame 13, and thus
the weld penetration of the joining parts 20, 21 is not inhib-
ited, so that the joining parts 20, 21 are welded in a deter-
mined weld amount (weld penetration amount). Therefore,
the joining between members by welding can be ensured.

In this Example, the upper case 3 and lower case 5 are
respectively provided with outer convex wall parts 24, 26
formed to be projected toward the filter element 6 side in a
position apart, at a predetermined interval, from the joining
parts 20, 21 with the retention frame 13 toward the outside
direction of the filtration chamber S. Due to this, among the
weld burrs B generated in the joining parts 20, 21 during
welding, the weld burrs B generated outside the filtration
chamber S are covered with the outer convex wall parts, and
thus are not exposed on the outside, so that design can be
enhanced.
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While the present invention is not limited to the above
Example, and can be carried out as Examples variously modi-
fied within the scope of the present invention depending on
the object and intended use. Specifically, while the above
Example has illustrated the configuration in which the second
filter material 12 is arranged in parallel on one end side of the
first filter material 11, the present invention is not limited to
the configuration, and, for example, may employ a configu-
ration in which the second filter material 12 is arranged in
parallel on both the ends of the first filter material 11 or a
configuration in which the second filter material 12 is
arranged in parallel to enclose the periphery of the first filter
material 11.

While the above Example has illustrated the configuration
in which the fold height H1 of the first filter material 11 is
smaller than the fold height H2 of the second filter material
12, the present invention is not limited to the configuration,
and, for example, may employ a configuration in which the
fold height H1 of the first filter material 11 is substantially
equal to the fold height H2 of the second filter material 12 or
a configuration in which the fold height H1 of the first filter
material 11 is greater than the fold height H2 of the second
filter material 12.

While the above Example has illustrated the configuration
in which the filter element 6 includes a retention frame 13 and
filter materials 11, 12, the present invention is not limited to
the configuration, and, for example, may employ a configu-
ration in which the filter element includes filter materials
alone. In this case, the circumferential edge sides of the filter
materials are directly held between the upper and lower cases
3,5.

While the above Example has illustrated a single retention
frame 13 retaining the first and second filter materials 11, 12,
the present invention is not limited to the configuration, and,
for example, a first retention frame retaining the first filter
material 11 and a second retention frame retaining the second
filter material 12 may be provided separately.

In the above Example, the forms, numbers, presence or
absence of use etc. of the ribs 17, 18 may be appropriately
selected depending on the size of the filter materials, for
example. Further, the above Example has illustrated the con-
figuration in which ribs 17, 18 are integrally molded to the
retention frame 13, the present invention is not limited to the
configuration, and, for example, may employ a configuration
in which ribs 17, 18 are assembled later to the retention frame
13.

While the above Example has illustrated the reinforcing
member 19 suppressing the fold contact of the second filter
material 12, the present invention is not limited to the con-
figuration, and, for example, may employ a configuration in
which a reinforcing member suppressing the fold contact of
the first filter material 11 is provided in addition to or in place
of'the reinforcing member 19 suppressing the fold contact of
the second filter material 12. Further, while the above
Example has illustrated the reinforcing member 19 provided
on the downstream surface side of the filter material 12, the
present invention is not limited to the configuration, and, for
example, may employ a configuration in which a reinforcing
member is provided on the upstream surface side of the filter
material 12 in addition to or in place of the reinforcing mem-
ber 19 provided on the downstream surface side of the filter
material 12.

While the above Example has illustrated the configuration
in which the reinforcing member 19 provided as a separate
part from the filter material 12 is inserted from the upper part
of'the filter material 12, the present invention is not limited to
the configuration, and, for example, may employ a configu-
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ration in which the reinforcing member 19 is integrally
formed with the retention frame 13 by insert-molding or the
like. Further, while the above Example has illustrated the
reinforcing member 19 provided integrally with the cases 3,
5, the present invention is not limited to the configuration,
and, for example, may employ a configuration in which the
reinforcing member 19 is assembled later to the retention
frame 13 or the cases 3, 5.

In the reinforcing member 19 in the above Example, for
example, a bar-like part 33 extending from the lower end of
the reinforcing member 19 further downward may be pro-
vided, as shown in FIG. 8. This bar-like part 33 is provided, so
that the deformation of the filter material 12 can be further
suppressed and the filtration area can be ensured.

While the above Example has illustrated the configuration
in which the abutment surface of the retention frame 13
abutting the convex wall parts 23, 25 is defined as an upper
end surface of the retention frame 13, the present invention is
not limited to the configuration, and, for example, may
employ a configuration in which the abutment surface of the
retention frame 13 abutting the convex wall parts 23, 25 is
defined as inclined surface 36 which is formed to extend in the
vertical direction and is inclined such that a wall surface more
widely apart from the joining parts 20, 21 is directed toward
the inside direction of the filtration chamber S, as shown in
FIGS. 11 and 12. Due to this, the convex wall parts 23, 25 and
the retention frame 13 are firmly pressed as the deformation
of'the cases 3, 5 member progresses, and it is possible to more
reliably prevent the invasion of the weld burrs B into the
filtration chamber S.

The material for the first and second filter materials 11, 12
can include, for example, a nonwoven fabric, a woven fabric,
a filter paper and the like. Especially in the case where the
filter paper is used, when a filter paper having (B,/T,)>(B,/
T,) is used as the first filter material 11, it is, in particular, to
prevent flow bias of the filtered fluid within this fluid filter to
improve the filtration efficiency of the entire filter.

Further, the planar shapes, sizes, numbers, etc. of the first
and second filter materials 11, 12 can be appropriately
selected depending, for example, on the fluid to be filtered.
Further, while the above Example has illustrated laser weld-
ing as a joining configuration between the cases 3, 5 and the
retention frame 13, the present invention is not limited to this,
and they may be joined, for example, by vibration welding,
ultrasonic welding, hot plate welding and adhesion with an
adhesive.

Further, while the above Example has illustrated an oil
filter 1 for use in an automatic transmission as the fluid filter
according to the present invention, the present invention is not
limited to this, and, for example, is applicable to entire fluid
filters used in the state where the pressure within the filtration
chamber is lower than the external pressure, such as an air
filter provided in an intake system of an internal combustion
engine.

It is noted that the foregoing examples have been provided
merely for the purpose of explanation and are in no way to be
construed as limiting of the present invention. While the
present invention has been described with reference to exem-
plary embodiments, it is understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated
and as amended, without departing from the scope and spirit
of the present invention in its aspects. Although the present
invention has been described herein with reference to particu-
lar structures, materials and embodiments, the present inven-
tion is not intended to be limited to the particulars disclosed
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herein; rather, the present invention extends to all functionally
equivalent structures, methods and uses, such as are within
the scope of the appended claims.

The present invention is not limited to the above-described
embodiments, and various variations and modifications may
be possible without departing from the scope of the present
invention.

The present invention is widely utilized as a fluid filtering
technique. Especially, the fluid filter according to the present
invention is suitably utilized as a fluid filter for an automatic
transmission of vehicles including passenger cars, buses and
trucks, as well as railway vehicles including railroad trains
and diesel trains, construction vehicles, agricultural vehicles
and industrial vehicles.

What is claimed is:

1. A fluid filter comprising:

an upper case provided with an outlet hole;

a lower case provided with an inlet hole; and

afilter element held between the upper case and lower case,

wherein the outlet hole and the inlet hole are arranged

opposite to each other,

wherein the filter element comprises a first filter material

which is folded and arranged in a communication part
connecting the outlet hole and the inlet hole, and a sec-
ond filter material which is folded and spaced apart from
the communication part, and

wherein a retention interval of the first filter material in a

fold line direction is smaller than a retention interval of
the second filter material in the fold line direction.

2. The fluid filter according to claim 1, wherein a fold
height ofthe first filter material is smaller than a fold height of
the second filter material.

3. The fluid filter according to claim 1, wherein a reinforc-
ing member having an insertion part to be inserted between
neighboring folds of the second filter material is provided on
a downstream side surface of the second filter material.

4. The fluid filter according to claim 1, wherein pressure
loss in the second filter material is lower than pressure loss in
the first filter material when fluid flows through the fluid filter.
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5. The fluid filter according to claim 1, wherein the fluid
filter is an oil filter for an automatic transmission.

6. The fluid filter according to claim 1, wherein second
filter material is spaced apart from the first filter material in a
fluid flow direction.

7. The fluid filter according to claim 1, wherein a ratio
between the retention interval of the first filter material in the
fold line direction and the retention interval of the second
filter material in the fold line direction is 1.5 to 2.5.

8. The fluid filter according to claim 2, wherein a ratio
between the fold height of the first filter material and the fold
height of the second filter material is 1.1 to 1.5.

9. The fluid filter according to claim 1, wherein a step part
defined with the inlet hole is provided at the bottom of the
lower case such that the bottom is raised and dented upward.

10. The fluid filter according to claim 1, wherein the filter
element comprises a retention frame retaining circumferen-
tial parts of the first filter material and the second filter mate-
rial and held between the upper case and the lower case, and
the first filter material and the second filter material being
arranged in parallel in a planar direction.

11. The fluid filter according to claim 10, wherein the
retention frame, the first filter material and the second filter
material are integrally molded.

12. The fluid filter according to claim 10, wherein the
retention frame comprises a first rib extending in a direction
crossing the fold line direction of the first filter material, and
a second rib extending in a direction crossing the fold line
direction of the second filter material, and wherein the reten-
tion interval of the first filter material in the fold line direction
is an interval obtained by dividing a length in the fold line
direction of the first filter material into a plurality of parts at
substantially equal intervals by the first rib, and the retention
interval of the second filter material in the fold line direction
is an interval obtained by dividing a length in the fold line
direction of the second filter material into a plurality of parts
at substantially equal intervals by the second rib.
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